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Introduction
Condensed tannins (CT), named after the French
word tan, which refers to the bark of oak and other
trees and that was used as a tanner, are phenolic com-
pounds that developed in the biochemical evolution
of plants as a defense mechanism to prevent them
from being eaten by herbivores. CT, or proanthocya-
nidines, are widely found in nature and appear in se-
veral ruminant feeds (McLeod, 1974). Tannins are
highly reactive due to their great number of hydroxyl
groups that furnish them with many sites for the for-
mation of hydrogen bonds with other molecules,
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Abstract
This work was carried out with the aim of studying the effect of the administration of commercial quebracho ex-
tract (76% condensed tannins, CT) to sheep, for 70 days. Ten ruminally cannulated ewes were distributed into two ex-
perimental groups (control and quebracho). Zero (placebo) or 0.75 g of quebracho tannins extract per kg of live weight
and day were intra-ruminally administered to the animals. The nylon bag technique was used to examine alfalfa hay
in situ dry matter (DM), nitrogen (N) and neutral-detergent fiber (NDF) disappearances. In vivo digestibility, pH and
ammonia-N and volatile fatty acid (VFA) concentrations were also measured. The daily ruminal administration of que-
bracho extract did not affect rumen fermentation parameters such as pH and ammonia-N and VFA concentrations, but
reduced significantly the alfalfa hay DM potentially degradable fraction and the fractional rate of N degradation. Only
on day 8 of the experiment were the DM and NDF disappearance values, after 24 h of in situ incubation, significantly
lower in the animals treated with quebracho. No differences were observed on any other day of the experiment. Fur-
thermore, the quebracho CT extract significantly decreased the in vivo digestibility of the following diet components:
DM, crude protein and NDF.
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Resumen
Efecto de la administración de extracto de quebracho sobre la fermentación ruminal y la digestibilidad 
de la dieta en ovejas
Este trabajo se realizó con el objetivo de estudiar el efecto de la administración intrarruminal a ovejas de extracto
de quebracho (76% de taninos condensados), durante un período de tiempo relativamente largo (70 días). Para ello,
se utilizaron 10 ovejas de raza Merina, canuladas en el rumen, distribuidas en dos grupos experimentales (control y
quebracho). A todos los animales se les administró diariamente en el rumen una solución que contenía 0 (placebo) ó
0,75 g de extracto de quebracho por kg de peso vivo. Se estudiaron diferentes parámetros indicativos de la actividad
degradativa del rumen (pH, concentraciones de N-amoniacal y ácidos grasos volátiles), la degradación ruminal en
bolsas de nailon y la digestibilidad de la dieta. En general, la administración de quebracho no afectó a los parámetros
de la fermentación ruminal pero redujo significativamente tanto la fracción potencialmente degradable de la materia
seca (MS) como el ritmo fraccional de degradación del N del heno de alfalfa. Únicamente la desaparición de materia
seca y de fibra neutro detergente del heno de alfalfa, tras 24 h de incubación ruminal in situ, fueron significativamente
menores el día 8 del experimento en los animales tratados con quebracho, y no se observaron diferencias significati-
vas el resto de los días de incubación. Por otra parte, el extracto de quebracho redujo la digestibilidad de la MS, la
proteína bruta y la fibra neutro detergente del heno de alfalfa que constituía la dieta de los animales.
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mainly proteins (Mueller-Harvey and McAllan,
1992), although complexes can also be formed
through other types of bond (hydrophobic, ionic or
covalent).
Several authors have suggested that CT could be
used as chemical additives to reduce ruminal degra-
dation of dietary protein, owing to the pH-dependent
behavior of these compounds (Schwab, 1995; Frutos
et al., 2000). However, the effects CT have on animals
is highly variable and depend on the type and the
amount ingested. In fact, CT intake can have no effect
or reduce voluntary intake (Barry and McNabb, 1999),
reduce, not affect or even increase ruminal degrada-
tion (Miller et al., 1995; Hervás et al., 2003), impro-
ve or reduce diet digestibility (Barry et al., 1986; Wag-
horn et al., 1994; Komolong et al., 2001; McSweeney
et al., 2001), etc.
The CT extracted from quebracho (Schinopsis spp.)
are prophysethinidines. These have less hydroxyl
groups than other types of condensed tannins and a
compact structure, which means less reactivity (Mue-
ller-Harvey and McAllan, 1992). Because quebracho
CT can be found on the market in large amounts, it
has often been used as a model in research (e.g., by
Dawson et al., 1999; Komolong et al., 2001), in spi-
te of the fact that the results obtained with a certain
kind of CT cannot be applied to other tannins owing
to the wide diversity of these phenolic compounds
(Nelson, 1996).
The aim of this experiment was to study the effect
of intraruminal administration of quebracho extract
(76% of CT) to sheep (0.75 g kg-1 live weight per day),
for a long time period (70 days), on different parame-
ters that reflect rumen degradation activity and diet di-
gestibility.
Material and Methods
Animals and experimental diet
A total of 10 ruminally cannulated Merino ewes,
with a live weight (LW) of 54.6 ± 2.87 kg were used.
The animals were fed 1.2 times their maintenance
energy requirements (AFRC, 1993) with alfalfa hay
[dry weight (DW) = 926 g kg-1; crude protein (CP) =
169 g kg-1 DM; neutral-detergent fiber (NDF) = 417
g kg-1 MS; acid detergent f iber (ADF) = 315 g kg-1
MS; ash = 114 g kg-1 DM]. The hay was daily admi-
nistered in two equal feeds at approximately 9:30 h
and 18:00 h. All animals had ad libitum access to fresh
water and to a vitamin-mineral block throughout the
pre-experimental (15 days) and experimental (70 days)
periods.
Experimental treatments
Animals were allocated to two groups of five she-
ep each, balanced for live weight. All animals recei-
ved their daily experimental treatment before admi-
nistration of the morning feed, for a period of 70 days.
This involved dissolving the powdered commercial
quebracho extract in 200 ml of an aqueous solution
containing 0.08% methanol and administering it to she-
ep through the ruminal cannula. The amounts of que-
bracho administered daily were 0 (i.e., it only contai-
ned the aqueous solution: placebo) and 0.75 g kg-1 LW
for control (C) and quebracho (Q) treatments, respec-
tively.
The commercial quebracho used (Roy Wilson Dick-
son Ltd., UK) is a complex mixture of phenolic com-
pounds extracted from quebracho (Schinopsis spp.). It
is mainly comprised of condensed tannins (760 g kg-1
DM), and the remaining compounds correspond to
simple phenols, ash, etc.
In situ rumen degradation
During weeks 5 (from day 29 to 37 of the experi-
ment) and 10 (from day 62 to 70), two rumen degra-
dation kinetics of alfalfa hay (DM = 915 g kg-1; CP =
151 g kg-1 DM; NDF = 431 g kg-1 DM; ash = 78 g kg-1
DM) were carried out by in situ methods, and the fo-
llowing incubation series: 0, 3, 6, 12, 24, 48 and 72
h. Incubations were performed in duplicate in each
animal.
Nylon bags (165 × 105 mm size and 45 mm pore 
diameter; Maissa®, Spain) were filled with approxi-
mately 4 g of alfalfa hay ground to 2 mm and introdu-
ced in the rumen 15 min after administration of the
quebracho extract. After removal from the rumen, bags
were washed briefly by hand under running water and
frozen at –30ºC. They were thawed 24 h later and was-
hed in an automatic washing machine on a cold pro-
gramme for approximately 20 min. Bags were dried in
a forced air oven at 45-50ºC to constant weight and
weighed to determine the DM content. The residues of
two bags (duplicate), for each incubation time and 
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animal, were mixed and ground to 1 mm, to be then analy-
zed for N and NDF. To estimate zero-time disappea-
rances, three more bags were used that were washed,
dried and weighed in a similar way as those removed
from the rumen.
In addition to the degradation kinetics, the effect of
quebracho administration on ruminal degradation was
studied by performing a series of 24 h in situ incuba-
tions, with the same hay, on days 0, 8, 15, 23, 36, 50
and 64 of the experiment. All the incubations were per-
formed in duplicate. As for the degradation kinetics,
the residues of two bags for each animal were mixed
and ground to 1 mm diameter for laboratory analysis
(N and NDF).
Parameters indicative of ruminal
fermentation
On days 0, 9, 25, 37, 51 and 64 of the experiment,
samples of rumen fluid from each of the animals used
in the experiment were taken to study a series of pa-
rameters indicative of ruminal fermentation: pH, am-
monia-N and volatile fatty acids (VFA). These sam-
ples were collected, through the ruminal cannula, 0,
1, 3, 6 and 9 h after administering the morning feed.
The rumen fluid was filtered through two layers of
cheesecloth. Immediately after obtaining the filtered
sample its pH was measured. Ten ml of rumen fluid
were acidified with 10 ml of 0.2 M HCl solution, and
frozen at –30ºC until the ammonia-N concentration
analysis. Similarly, 0.8 ml were added to 0.5 ml of a
deproteinizing solution of metaphosphoric acid (20%,
wt v-1), that contained crotonic acid (0.4%, wt v-1) as
internal standard, and frozen at –30ºC until the VFA
determination.
In vivo digestibility
During weeks 5 (days 29-37) and 10 (days 62-70)
of the experiment, two in vivo digestibility trials were
carried out. To do this, animals were kept in individual
metabolic cages from which, after a preliminary 3-day
adaptation period, animal faeces were collected and
weighed daily over six consecutive days. From the to-
tal daily collection, two aliquots (approx. 10%) were
taken and frozen at –30ºC. All the aliquots for each
sheep were then bulked, and the pooled sample was
thawed and dried in a forced air oven at 70-75ºC until
constant weight. Dried samples were ground to 1 mm
before analysis (N, NDF and ADF).
When there were feed refusals, these were collec-
ted each morning and weighed. Around 10% of the to-
tal was kept for later analysis of the DM content.
Chemical analysis
Analysis of DM, ash and Kjeldahl N was conducted
according to procedures described by AOAC (1999).
The NDF and ADF contents were determined using an
Ankom220 fiber analyzer, following the basic princi-
ples of the Goering and Van Soest technique (1970).
Analysis of ammonia-N was performed by spectro-
photometry (Weatherburn, 1967) and VFA concentra-
tion by gas chromatography (Carro et al., 1999).
Calculations and statistical analysis
Data on ruminal disappearance of DM, N and NDF
of alfalfa hay obtained on week 5 and 10 of the expe-
riment were adjusted by the NLIN procedure (Nonli-
near Regression) of the SAS statistical programme
(SAS, 1989) to the model proposed by France et al.
(1993) to obtain the immediately degradable fraction
(a, g g-1), the insoluble but potentially degradable frac-
tion (b, g g-1), the time to half-asymptote (T/2, h), the
fractional rate of degradation in T/2 (µ, h-1) and the lag
time (L, h).
All the data (kinetic parameters of ruminal degra-
dation, in vivo digestibility, in situ ruminal disappea-
rance and parameters indicative of ruminal fermenta-
tion) were analysed by repeated measurements, using
the MIXED procedure of the SAS statistical pro-
gramme. When the interaction effect «treatment × day»
was signif icant, means were compared using a Stu-
dent’s t (P < 0.05).
Results
Rumen degradation
Ruminal administration of the quebracho extract
significantly reduced (P < 0.05) the insoluble but po-
tentially degradable fraction (b) of the alfalfa hay DM
(Table 1) and tended to reduce (P < 0.10) the fractio-
nal rate of degradation in T/2 (µ). Hence, in relation
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to the parameters of N degradation (Table 1), the im-
mediately degradable fraction (a) varied with the study
week (P < 0.05), but no statistically significant diffe-
rences were found (P > 0.10) related to the quebracho
treatment. However, this did cause a signif icant re-
duction (P < 0.05) in µ value and increased the T/2 ti-
me. The b fraction of the NDF and the T/2 value va-
ried with the study week (P < 0.10), but were not
affected by ruminal administration of quebracho ex-
tract (Table 1).
Table 2 shows the mean values of disappearance of
DM (DMD), N (ND) and NDF (NDFD) from the al-
falfa hay after 24 h of in situ ruminal incubation. DMD
and NDFD were only lower on day 8 of the experiment
(P < 0.05) in the animals treated with quebracho (Q),
and were not significantly different on the other incu-
bation days. Ruminal disappearance varied with incu-
bation day in all cases (P < 0.05).
Parameters of ruminal fermentation
Only for the sampling conducted before adminis-
tration of the morning feed (hour 0), the effect of tre-
atment (control vs. quebracho), both for pH and am-
monia-N, varied with the study day (interaction
treatment x day: P < 0.05).
Six and 9 h after morning feeding (see Fig. 1), the
animals that received the quebracho extract presen-
ted signif icantly higher levels of ammonia-N
(P < 0.05) than those of control animals (255 vs. 205
and 227 vs. 185 mg L-1 for 6 and 9 h post-feeding, res-
pectively).
For the VFA concentration, however (Fig. 1), treat-
ment with quebracho did not have any significant ef-
fect (P > 0.05). Changes due to «day» were observed
but the interaction «treatment x day» was not signifi-
cant (P > 0.10).
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Table 1. Effect of quebracho administration on the kinetic parameters of in situ rumen degradation (a, b, µ, T/2 and L) of
the alfalfa hay DM, N and NDF, in weeks 5 and 10 of the experiment
a b µ T/2 L
C Q sed C Q sed C Q sed C Q sed C Q sed
DM
Week 5 0.2615 0.2567 0.00483 0.4049 0.3931 0.00891 0.1343 0.1084 0.01252 5.28 6.46 0.689 n.d. n.d. —
Week 10 0.2610 0.2642 0.00483 0.4164 0.3965 0.00891 0.1237 0.1069 0.01252 5.85 6.58 0.689 n.d. n.d. —
Signif. level  (P)
Treat. NS * † NS —
Week NS NS NS NS —
Treat. × Week NS NS NS NS —
N
Week 5 0.1982 0.1990 0.00797 0.6807 0.6803 0.01500 0.1733 0.1333 0.01881 4.06 5.32 0.521 0.00 0.00 0.044
Week 10 0.2092 0.2169 0.00845 0.6723 0.6645 0.01500 0.1837 0.1445 0.01881 3.91 5.15 0.551 0.00 0.08 0.047
Signif. level (P)
Treat. NS NS * * NS
Week * NS NS NS NS
Treat. × Week NS NS NS NS NS
NDF
Week 5 0.0028 0.0790 0.05264 0.3532 0.2443 0.06524 0.0800 0.1105 0.03430 13.04 8.93 4.426 2.88 1.76 1.108
Week 10 0.0045 0.0000 0.05992 0.4028 0.4780 0.07389 0.0984 0.0457 0.03836 14.71 20.92 5.039 1.86 3.87 1.206
Signif. level (P)
Treat. NS NS NS NS NS
Week NS * NS † NS
Treat. × Week NS NS NS NS NS
a: immediately degradable fraction (g g–1). b: insoluble but potentially degradable fraction (g g–1). T/2: time to half-asymptote (h).
µ: fractional rate of degradation in T/2 (h–1).L:lag time (h). C: control treatment. Q: quebracho treatment. sed: standard error of
difference. n.d.: not detected. Treat.: treatment. NS: P > 0.10. †: P < 0.10. *: P < 0.05.
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Table 2. Effect of administration of quebracho on the rumen disappearance (g g–1) of alfalfa hay DM (DMD), N (ND) and
NDF (NDFD), after 24 h in situ incubation, on days 0, 8, 15, 23, 36, 50 and 64 of the experiment
DMD ND NDFD
Day
C Q sed C Q sed C Q sed
0 0.6706 0.6544 0.00885 0.8791 0.8597 0.01379 0.3569 0.3499 0.01918
8 0.6394a 0.5997b 0.00885 0.8519 0.8309 0.01379 0.3202a 0.2654b 0.02088
15 0.6296 0.6237 0.00885 0.8464 0.8464 0.01456 0.2821 0.2697 0.01787
23 0.6245 0.6312 0.00885 0.8525 0.8474 0.01456 0.2542 0.2879 0.01776
36 0.6347 0.6251 0.00885 0.8382 0.8380 0.01379 0.2707 0.2532 0.01709
50 0.6510 0.6342 0.00885 0.8599 0.8383 0.01379 0.3078 0.2912 0.01709
64 0.6464 0.6292 0.00885 0.8583 0.8403 0.01456 0.2911 0.2762 0.01790
Significance level (P)
Treat. * NS NS
Day *** * ***
Treat. × Day ** NS *
C: control treatment. Q: quebracho treatment. sed: standard error of the difference. Treat.: treatment. NS: P > 0.10. *: P < 0.05. 
**: P < 0.01. ***: P < 0.001. a,b For each parameter, means with different super indices in the same row differ significantly (P < 0.05).
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Figure 1. Effect of quebracho administration on the evolution of ruminal pH
and concentrations of ammonia-N and total VFA at 0, 1, 3, 6 and 9 h after ad-
ministration of the morning feed.
Control Quebracho
In vivo digestibility
Ruminal administration of quebracho extract (see
Table 3) reduced the digestibility of the DM (P < 0.001),
of N (P < 0.01) and of the NDF (P < 0.05) of alfalfa hay.
In the case of ADF digestibility, the reduction (0.515
vs. 0.479 g g-1, P = 0.1059) did not reach the required
level of significance. In most cases, a significant va-
riation was observed with week, with slightly higher
digestibility values being obtained in week 10 of the
experiment.
Discussion
The results of in situ incubations of alfalfa hay con-
firm the known fact that the presence of CT in ruminant
diets can reduce ruminal degradation of feeds (Mueller-
Harvey and McAllan, 1992; Aerts et al., 1999; Barry
and McNabb, 1999). This effect seems to be mainly due
to the lower rate of degradation and to the reduced
amount of substrate available for microorganisms, sin-
ce tannins interfere with microbial attachment (and con-
sequently inhibit digestion by rumen bacteria) and the
complexes formed between tannins and other molecu-
les makes them inaccessible to ruminal microorganisms
(Mueller-Harvey and McAllan, 1992; McAllister et al.,
1994; Aharoni et al., 1998; Makkar, 2001).
In this work, administration of quebracho extract
was found to significantly reduce the fractional rate of
degradation of the alfalfa hay N. It also reduced the
potentially degradable fraction (b) of the DM, which
could be attributed to the inaccessibility of ruminal
microorganisms to the feed, as a consequence of the
treatment with CT.
It is noteworthy that, contrarily to what has been
mentioned by other authors (Aharoni et al., 1998; Fru-
tos et al., 2000), no negative effect of CT on the im-
mediately degradable fraction (a) occurred in this ex-
periment. However, it should be taken into account that
reduction in the a fraction has been observed when the
feed themselves contain tannins which, in relation to
the above mentioned substrate deprival effect, probably
cannot have the same effect as the presence of tannins
in the rumen. Moreover, it could be suspected that com-
plexes with the condensed tannins administered in the
rumen were not formed immediately, which would al-
so explain the lack of effect on the a fraction. Never-
theless, this point cannot be confirmed given the me-
thodology followed here.
Although one of the most common effects of CT is
the reduction of rumen protein degradation (given the
great affinity between these phenolic compounds and
proteins; McLeod, 1974), in our work, the slight de-
cline observed in the group of animals treated with
quebracho (Q) was not significant (P = 0.1422). Ne-
vertheless, this result should be interpreted with care
since this absence of variation could possibly be be-
cause the 24 h incubations in nylon bags were too long
to clearly observe any effect on protein degradation.
In general, the administration of quebracho extract
for a relatively long period of time would be expected
to cause the development of different defense mecha-
nisms by the ruminal microorganisms in response to
these secondary compounds (O’Donovan and Broo-
ker, 2001). This response may be very variable de-
pending on the rumen microbiota, since different ru-
minal bacterial strains present different susceptibility
to CT (Nelson, 1996). This would explain why, after
an initial negative effect on DMD and NDFD, values
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Table 3. Effect of quebracho administration on the in vivo digestibility (g g–1) of alfalfa hay DM, N, NDF and ADF, in 
weeks 5 and 10 of the experiment
DM N NDF ADF
Week 5 Week 10 sed Week 5 Week 10 sed Week 5 Week 10 sed Week 5 Week 10 sed
C 0.662 0.678 0.0082 0.780 0.794 0.0105 0.484 0.533 0.0230 0.487 0.542 0.0266
Q 0.618 0.635 0.0082 0.747 0.753 0.0105 0.440 0.487 0.0230 0.459 0.499 0.0266
Signif. level (P)
Treat. *** ** * NS
Week ** NS ** **
Treat. × Week NS NS NS NS
sed: standard error of difference. C: control treatment. Q: quebracho treatment. Treat.: treatment. NS: P > 0.10. *: P < 0.05. 
**: P < 0.01.  ***: P < 0.001.
of rumen disappearances were similar in both experi-
mental treatments. However, this point was not clear
for the case of protein (ND). On the one hand, as men-
tioned above, 24 h could be too long a time to obser-
ve effects on protein degradation but, on the other hand,
according to the results of ruminal degradation kine-
tics (see Table 1), the rate of protein degradation was
still lower in the Q group even in week 10 of the ex-
periment.
Changes in alfalfa hay rumen degradation could be
reflected in certain parameters of ruminal fermenta-
tion such as pH and ammonia-N and VFA concentra-
tions. However, in general, these changes were not ob-
served in our experiment. Ruminal pH was maintained
at all times within a «normal» range in both treatments
(6.6–7.4), suggesting that the administration of the
quebracho solution (pH ≈ 5.5) was rapidly compensa-
ted in the rumen. Ammonia-N and total VFA concen-
trations were similar to those obtained by other authors
using comparable diets. Similar variations were ob-
served among sampling days in both treatments. Se-
veral authors have observed that CT intake usually cau-
ses a reduced ammonia-N concentration resulting from
the decline in ruminal protein degradation. However,
not only were differences not found in most cases, but
also the mean concentration of ammonia-N, at 6 and 9
h post-feeding, was significantly higher in animals tre-
ated with quebracho (Q). This was probably largely
due to a higher initial ammonia-N concentration in ani-
mals in this experimental treatment (P < 0.05), in spi-
te of these having received the same treatment for the
15 pre-experimental days. Nevertheless, in other ex-
periments performed on sheep fed a diet containing
quebracho extract (Salem, 2002), increased ammonia-
N concentration with no variation in VFA was also ob-
served, in accordance with our results. Several authors
(for example, Aerts et al., 1999; Barry and McNabb,
1999) have reported that CT concentrations lower than
50 g per kg DM do not affect most ruminal fermenta-
tion parameters.
One of the best known effects of CT on diet diges-
tibility is the reduction of apparent protein digestibi-
lity. However, although many studies have reported a
rise in faecal N excretion in response to increasing die-
tary tannin concentration (Barry et al., 1986; Me-
hansho et al., 1987; Komolong et al., 2001; McSwee-
ney et al., 2001), the increased faecal N in the presence
of these compounds would be more likely to corres-
pond to an increase of faecal metabolic N (comprised
of cells from the intestinal mucosa, digestive enzymes,
mucus, salivary proteins, etc.) (Mitjavila et al., 1977;
Dawson et al., 1999), than to a real reduction in the
amount of protein absorbed, giving rise, therefore, to
clear underestimations of the true digestibility of die-
tary protein (Waghorn, 1996). Nonetheless, the possi-
bility that the tannins could prevent absorption of ami-
no acids from the intestine (McNeill et al., 1998;
Dawson et al., 1999) or that the tannin-protein com-
plexes had not been completely dissociated after cros-
sing the rumen (McSweeney et al., 2001) cannot be
ruled out.
Regarding the digestibility of structural carbohy-
drates, Barry et al. (1986) reported that the CT of Lo-
tus corniculatus affected neither cellulose nor hemi-
cellulose digestibility. In contrast, Waghorn and
Shelton (1995) observed that the digestibility of he-
micellulose was reduced in a group of male sheep fed
ad libitum a mixture of ryegrass and Lotus peduncu-
latus. This disparity could be due to the different tan-
nin contents of L. corniculatus and L. pedunculatus
(30-45 vs. 70-100 g CT kg-1 DM). Salawu et al. (1997)
supplemented sheep with 50 g quebracho per kg of
DM and observed, like in our experiment (in which
the dose corresponded to ca. 37.5 g quebracho ex-
tract kg-1 DM), not only a reduced digestibility of the
NDF but also of the ADF. The greater effect of the
quebracho extract on NDF digestibility than on ADF
digestibility could be related to the greater suscepti-
bility of hemicellulolytic enzymes to tannins (Wag-
horn, 1996).
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